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mt. @5{c5^-r3>^»^ h-^f K:&ie©<fc^(cvcs 

EL7U-r 5 1 ^3l&fBM^Jfift5 4{cSM$#SJ:^&fe 
©fcL;^d:<-C4>J:< . cn*-C©5t7'-< xd'l^tcfcl^ 
^ti^iPlgg©. ?felBffl^««Ji*fig5P>X<!:©raPi 

(ii^2 5o [urn] ) ifimfX^tiii. umxitw^t 

20 -StC+^-Cft-S. 

[003 1 ] S^^i:*ie>. 7feiBSSi^«ft<b5Ptfeb>Xi© 
raPi*5|^2 5 0 [ym] J;0*>/h§<, ^fflU— !f©jfi^ 
ft©%A/'4«:ffl^-rS 1 0 0nm*ie>2 0 0ninSS 

i>ifi. •e©raPi*JBSl 0 0nm©igM-CB. 31tf©>'^- 
FT^-f X i/©j: ^«:-?-©iBSiJg«:-c*^3fe7'-< X 

30 [ 0 0 3 2 ] SiWffli tr*^HJ<&||Jfe 

■r5«^«. 7fej!S-C«)SirfBVCSELTU'f 1©^W 

n iy—>f~^(DtiiMt. 9mic^ti>m'^ictt^x 

^(,»IU;^TS»J S. S^©»^». y(^mWl 2 ©IB 
e^(cf > F?^e5tX«t^{b*Jfe-r«i'©ffi:t;tt^yt- 

[ 0 0 3 3 ] sfc. :^m&mximm)o . 9 s [ m 

m] ©U— !f-3fe*«3l&-r5VCSELTU-f l^^ffl 
UTtiS*^ cn«. 2|s||;^^©|!)isvy F-rv-i^ 
3>U>X9*iGaAs*'6'5:-S'b©/c*>6r*»3. 

40 <mmktsL^m\mo . 91 9 [ym] 

S i ^ I n P©»^»HfCSl»?S[SiJQ:-5. tttiit. 
^mmx^LXK^ 5 . ^K«?^!RJRSS«S;!0G a A 
s©*jJ;-?-0. 9 1 9 [ym] ii^bU^VV v F-^v- 
i?3>U>X9©Ji^«. *>J0. 9 2 [ym] iOiS^S 
©5Sl>3l6?:iiii$-&.51i^li||fei&or^-©?6*!»jR 

ci^s^pjtli^drs. -ec-c> *^«?5-c«y y F -f 

V- y 3 > u>X9 ©t?f3f4©»BgtRi|Xffi2^S<!:PIW± 
©jS:S-r & ^ b '-if ^ J: ^ V C S E L r 

50 limm-rictifiimxih*). tffih<it. mm. 




(7) 



GaAsW^1•<D^,^*i^c-5t^m»6^:S«^r^>. fJ>^i< 
<b fe5S5^«Ji©«SK:iji,>TMl8T-* -S J: ^ & fe®*^ 
ffl-rSt>CD<b-r-5, piBVCSEL^^l 4». S^ft 

[Mm] ) ^tmuci^t, i^Mfow^^wsoixm 

[0034] ±3^ L/cS 1 {C^-r^lc^J^fCijt^-CB. H 10 

lirevcsELSR^-i 4©S3ii^(*u— ;f©^?6 

Sil,-C5Si4«©9 8 0nm©a?S*s»ffl$n4i, oj 

X u>x©j; ^ t^^tmLUb-cm^vWi^mm-^^^ix 

u>X9», 06«:^§n.SJ:^{c^i^u->X©^Sr 
<fcO*>U>X©Jf§ t 0*i;A:t< (tO>r)SS)6n 

r c^sx->'^•-^|£^ u>x-c*-5©r;x© J: 5 

*©:a«cmi©^*au>X<tUT©>Sf!B5U>X7 
[003 5] ( 1) ^l©>Pf!^^>X7ibT3>>'^•^' 

S7'^x^7i'^fa5iiu>x*sm»6n4i, jimrujis 

3tlTl»-5^^fflU>Xtt. jftSdS? 8 0 nm± 1 0 n 
m©ig?*M^, 6 5 0 n m ± 1 0 n m©oIta^^ 30 

-CSjitc C ©ig?S© U — tf f - A 5rJR^-r 6 J: ^ CCig:H- 
$n-Ct,i^Ci*i6. cn6©U>X5rig^ft9 8 Onm 

[0 03 6] (2) l|2©*t^U>X9©JP? t 0^^ 
»U>X©^r J:»)^>;'tt<t-.5i« ®2©5*!g)U> 
X9*»6ib»ffijRM3{iS^Sn4, #(C. X-A-^3$ 
\y>Xmmb U-C®»f$3&S;*:#l,»G a A s *#«*ril4 

(®Jf$n 3. 6~3. 5) 3&5^l^e.n?>JS^JCti. 

<fc-5r»6nat-A0xxh©t^-/x». ^ffiJts?^ 40 

cmMj^ftitXM©3^K:a«W!&fii (= A/2 n' s i n 

[0 03 7] C©cfc^^d:Ct?:#Mt-Ci[l©)tt!e3U> 
Xi b-C©>[t!g) U>X7 {Cfc(,»r?t!ti^ U>X9 ©^B© 
iUII*?iliE-r2.<fc 5 {C U>XiB«:«ji{l:^'2>/ca)(C^ 1 
©lll©*t«!Ix>XiLT©*»BU>XB. 
igffjeS?r± 1 0 nm©*lJgri^3nSCi*W$ 

[0 038] UyVi. ^l©*fiB)U>X7©^lijJ:t; 
^2©U>XiS©?^«i*S3Sfbri*^«:06?r#MU 50 
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[0039] T^ct)^. mQ^mttih^^liC. mi<0 
*tiau>X7©^l®U>Xffi4 1 a©P5K:AI*0/c 
3t*it{C*fItSTI.gia©U-1f3fc»v mi©StB5U>X 
7©^2©U>Xffi4 1 b*^f>mi^$n.Si^CC. P4-C 

^§n€.®fflF«3*^6i4m$ns, Bi©*rfBju>X7?: 
ait^n/cu— ifjfett. m2©)^iau>x9©i^i©u 

>Xffl42a«:. Pl-CAI^L/. ll2©U>XH42b 
iMMbX. %T^Xi; 1 2©iB^ffi©iB0^|if*®fc> 
Po©t-AS-CJRm§4a^. jfef^^Xd'l 2 

©eMiiB©f^j«tt«(c*jitf4 v-'^\i-i.<mm\^- 

AS*JPo<b)Ec^J:5. 01*JJ:O^2©*t«JU>X 

7. g^rMJi-rSU— tff-A:&. P5/d:t>LPl©S 

.^,-c^{b i/T . «*iWK;fBiiijif*®-c© b*- as^ p 

0 C i©rt ^ U>Xffi©JB<^=£r*Ji)S c ir. 
^2©«igJU>X9{Cj:*acMJR||©|^«rlS{»)l^< C 

[0 04 0] SfJfflCCB. ||2©>l*^U>X9©||l©U 

>Xffi4 2a{t. fi^*Sr-e^«$ns^sr*»). 

*fc^2©U>Xffi4 2btt. ^ffi-C*S!&>6. «ffiiR 
^?:l^4T^./ca?)tcfiJMnJ6lfj: u>Xffi». mi©*f!g5 
U>X7©||l©U>Xffi4 1 a*5<fcCfl|2©b>Xa 
4 1 b-C&^o t^oT. 2o©U>Xffl4 1 a*Jj;C;4 

ibtcteiJ-c, u— !fjfe{»5aja-r^fi[SS(c> u>x® 

^«i|-r€.ft$*SRc**a{). u>XiB©ffig©feg 

■C. -e©ft^SR c *B3KBlSg^C^f|^4 U>Xffi© 
f^in?>CtifiV^^, ^i^(C«. U— !fb--A 

*iiitj:tnsi*ziili:&iaj. ^fef'^xi'i 2©tBSii©7^roj 

X 1 2 ©fB^ffi©!^I^M^*M,^. <!: l^T . § 

u>XE©fiig (z#:&ifij) «:s-:5t,^t:. su>Xffi© 

[0 04 1 ] j^. 06(cfclJTi?-^l 2 a». 3lcr^X 

<Dmmmv$> <o , c oumm 1 2 a ?r^tym 2 ©stigj 

U > X 9 ©¥a^cMi&^ r ■< X ©IS^ffl $ ■C©i 7 - 

[0 04 2] 06«:i5(,>T, ®2©*f!B3l'>X9©^l 
© U >Xffl 4 2 a ©^r ^ X i7 D ©iB^^B*' 6« 
attifc&g (^1©U>XM4 2 a©ia8P'C*or. X 

= 0. Y=o) tMmmmt<om<D^=kTD. 112 

©*t©IU>X9©3fer^X^l 2A^bmi>mtifcim 
(mi©P>Xii4 2a©]lS5: X=0. Y = 0)i^ 

1 ©>*K)U>X7©3fe7"-/ Xi'DK^^Sittlz/cffig 
(l|^2©U>XB4 1 b©]ISP : X=0. Y = 0) <!:© 

Pa©!Sil?rWD. mi©)i=t!B5U>X7{Cfc(,^r. ^1© 
U>Xffl4 1 a©]Ig|J (X = 0. Y=0) tm2<DUy 
Xffi4 1 b ©USB (X = 0 . Y = 0 ) tomom^ttj: 
t>hmi(Dmi\yyX7<Dmt urn) ^FrS]©»S«:T 




C8) 



13 
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Zl = TD. 

Z2 = TD + WD. 

Z4 = TD + WD + TS. 

[0 04 3] CCX\ ^^t> h;bA 1 (1 1. n 1 ) 

11 = XI ./ (X r + z 1') 

•n 1 = Zl / (xr + zr)''' 

/c:^bv 1 l©ft^fll Imaxtt. llmax = 10 
NA/nD-C*-5*>^. X 1 ©g^fitX 1 m a x tt. 
Xlmax= (NA TD/nD) / (1 - (NA/ 
nD) ') 

[0044]^>:(C. 7fe®-<i'hJl'A2 (12, n2) 

12 = (X2-X 1) / [ (X2-X 1 ) '+ (Z 
2-Z 1) '] 

nl = (Z2-Z 1) / [ (X2-X 1 ) '+ (Z 
2-Zl)']"" 20 

[0 04 5] miy(Dm\iPh. 

1 2 = nD • 11 
•Cib^lPh. X2tt. 

X2 = XI + [nD • 1 1 (Z2-Z 1 ) ] / (1 
-n D2 • 112) 

[ 0 0 4 6 ] iji^tC, P3 (X3. Z3) ^imi>1cH> 
(C. 

X3 = X2+i2-A 30 
Z3 = Z2 + n2-A 

A = F/ [G+ (G2-F/RC) 

fetch. F=X22/Rc. G = n2 - ( 1 2 • X2/ 

Rc) 

[0047] i^tc, msrcomiSx^Mii. 

A3 (13. n3) 5: 

13 = (12 - K • X3) /n s 

n3 = [n2 - K(Z3-Z2-Rc)]ns 40 

K = 1/RC [ (n s 2- 1 +G2-F/RC) 
(G2-F/RC) 

[0 04 8] F4», ^'<^^;^A3 (13. 

n 3 ) ±K:???5E-r-535»6. 
X4 = X3 + A' -LS 
Z4 = Z3 + A' -nS 

X4 = X3 + 13(Z4-Z3)/n3 50 



[0049] 1U±k:J:«j> ^l©*tiBju>X7©0lte 
<tcfig2©u>XE4 1 a. 4 1 b©^tn^en©u>x 

m^^^U-lfl^-AtDliS (X-n. Y-n~X 
n. Yn) imt>ht(.i>. ^*s. 3fel»SLtt. 
L = LI + L2 + L3 

LI = nd (X 1 2 + Z 1 2) > 

L2 = [ (X3-X1) '+ (Z3-Z 

1) '] 

L3 = n3 [ (Z4-X3) '+ (Z4-Z3) '] 

1c1i\j. X4 = rm. Z4 = mA 

L-(nd-TD + WD + ns-TS) = 
m A 

<fc«3. m = 0. 1. 2 • • • ©^E-n-enjcfcwsi^ 

[0 05 0] ei±{Cj:»). rxij**S). rxij?r 

ffiV^T rX4j C tr, m#S©U>Xffi©§ 

fi$*SRc^:^*ici3!)irt-5o cne>©ft^^s 

R c {C rj > f ^ - if »W K J: o T^Jf) S c i k: J: 

[005 1 ] ±^l/ytJ:^K:L-C§|ft^*SRc**«) 

<!: *5-c* . C ©>tt^ U > X 7 © U > Xa^rSM-fb-r ^ 
C i {C J: o Tffi^etS i l/T © V C S E L T U 1 ©^|g[ 

ffi±{c^Jf!©Si/Kd: tf-AX# V v<o^t urisi^^s 

[0052] CCT. VCSELTU-fltt. 1 0©^|^ 
^i*»«K:^S(©V C S E L^^^J^^5«^«:|16 

■r> mt^m^imm'pfi < t mi^m^^ix ^^© 

^^ri>^mT u -f -cif n^. 

[0 053] ttc. ±T^btcmMmias^>xit. vc s 

ELTU-<ltt. mtiJ'}:x^I^ (GaN)^t>»n-V 

igi^b^*»f*-cfP6n;rc»feRc>mmMJi© u- 

5 0*>f)3 0 0nm) ©Tfej^^^r^'T'S^^X^lHiliS 
^*m3&5^2©>PfJB)U>X9 4 L-r©v >; F-<-7- 

-:;j3>u>x©M^ior3gSsn. ±i*L./cJ;^(cc 
©^ 2 ©>pti^ b > X 9 {c?ft uri^ 1 ©>^ u >x 7 *sa 
m^n-c fern*. 

[0054] 

[iE?g©^«] ^*]« 1 ©^iir». SitSiiS^ffi^ 



A (9) 

15' 

1 2 icmti^ t t^Kmti^ym \ 

> U >X 9 i . friBTfeiB^iitt 1 2 *> e>Slt 3 n/cTfe?: 

h^if K7?SC©J:5{CVCSELrU-n©^LfcU 
— !f-3l&%ii:«M«S-&-5©r»Aj:< . V u 5, K -fv- 

txfcmt b xytsmm» 1 2 (cMit-r ^ c i -c. s^^tc 
{cj^idfr-s c idJ-c* s©-c. 3Rsw&se©«««:fie 

1 0 0 5 5 ] Mic. mjm2<Dmmxit, mmm 1 ibis 
{c*su-c. wriBSit*SS^ii|g7fe^^^(*i'— !f-ru 20 

■{ 1 (*.*ii-^«8<i:p|^©i^fir*^U— !f-^^^t 

tt V C S E L T U >f 1 ©^?:tf -^^tCffiJ&S 

yy -7 F'f-=5'-i?3>U>X9affi*T©raPi5:fit3S© 
J: 5 {CS < i -5ig:^*JiQ:l»©r . jlS^gyiift i 2 ©ffigl 
jgl?{CVy FVv-i?3>U>X9©a®*JSfi!l!#-r 30 

i>'C&rj:\.>i>^. ^^mmWl 2©ffiSM^ic^ii>© 
©tf fR«:iB®X»S*-r S C i 3&5-Ct * t ^fij**iab 

c 0 0 5 6 ] Mfc. n>m3(o^mvit. i ibis 

(cfci^t:. BaiBSit*JiS^li^^*«ft u-lf-T u 
-fl WG a A s ©»«l!RiRiSiRS<!:l5^J«±©fijgSr 

^ftcftilBv F'r-7-s>3>u>X9*iG 
aAs*^6&€.ii^«:. se3l^JS©J:^«:^ffljgft*§| 40 

TW-f l©»fa>=S:ty^^?^{Ciffi*^CiAd:<. W^itcfc< 
:fe(,»©-c. 5felBfiiJif*i 2©«S)i^K:y v F-fv- 

wi 2(Dmmmmic^'M>wat6iib'3fctLxi>^0m 
SP*sw5ci^t<:^ifa©lf««ria^x»wsfe-r-5c so 
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[0057] M{c. m^m4<onmx-it. i . 2 

3itt3iB^K:*$tJT. liiffivy 5 F-fv-i>3>u>X 
9»^^i^i|^^©jS?S(cfci,i-cS?g-c*SJ:^^ctt 

rliJlBVC S E LST 1 4©^ti3aj$<»:|6^a:t>Ai«*> 
^MbX\.^i>t$tlX\.^i>0. 9 6 [ urn] Ri/^om 

mom^^mm^ifimmx^. stm>m'mi:mmiyx 

[0 0 5 8] tfc. m^5<D^mxit. mmm 1 . 
2. 3X»4^{c*ji^-c. rofBy; K-f-5'-i?3> 

U>X9 «G a A s ©aig!RlR®jSfi<!:PII?tlt©Sjg 
g<!:L/cC<b{Cj:»3. 31^.^.«:4st»-CB«iBVC S E 

^^1 4<om3^mt^mtiitiifiMi>$imbxi,^i,t$ti 
m)Wtmmimmbxmibx&^:^ \'X:^^micmi>^ 

[ 0 0 5 9 ] MtC. »^6©l6?g-Ctt. 1 . 

2. 3. 4Xtt5ia48{c*ji»T. miav; F-^v-i/ 

3 > U>X9 »G a A s 1r>ht£i>%f ■< 7. i'ggi L//c 
CiCCjcO. 31B$^,K:*$t,»riiiBVCSELST-l 4© 

^SJS!i$t^W:t>*ssfeSSUTC> s i s nri»^ 111 

!f«S0. 9 8 [Mm] 3&s«MBr#. |!t#©g!:fii 

[0060] SfC. f»^]17©l6?8rtt, iS*]l 1 . 
2. 3. 4. 5X»6tB«{Ctet,>-C. ItiiJvy-y F^v 
-2^ 3 -/ U>X9«X->'\--ii£^U>X5!p6^cS7fe7^-f 

xi^ggiofccir^ *aeu>x^i^L//cttcfcO 
feMK::^ t < u — !f-?1&*ffl}f 3 c i 3!ii-C t .5© 
X. J:»3/h3l»t-A:^!P^. F©»i&j^sSt?t^S*. 
^W«::A:ifa©^*agiXttff^-c» -553l(«:#-r 

[006 1 ] Mtc. ii^S8©^Bjt:'». iiseiR i . 

2. 3. 4. 5. 6XB7fait«:*$(,>r. Iffav 1/ v F 

>r v-sp 3 > u>x9 » V 'J F v-j? 3 > u >xffl 

Ti'^^^i-^f 8m'±i*i»$tlS3fe7'-^ Xi^^gi 
tc^t>if4ct3&irir^©r. tf^^Sll^f Fx7-U 

- F =&m*?{c«oc i *5-c t , ■m\.mim.xi^m.<om 

10 0 6 2] ii*59©*§§-c». mmiwmm^% 
^4mw\y-^--m-^m-mc^\hxtsii>m.m^ 
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•iRmtt©b— !f3l£CC^^-rS^l©*f!gjU>Xi. C© *>6iSSIi^®^J|?©U-1f3fe*l6^0. Bua^2©S*!Bj 

^l©U>X?:ttJi*$n/cU— »f5fe?:Se.(CilX^3#^ b>Xtt> C©»fe*ie>ifili^ii-^^J^©U— tf7fe«:^ 

'e©u>x©/i$ t*s-e©u>xs$:«sts^s lo -i^i^^ic^ticttiui^ttn,, ^t^tt 

ttv 3lcA«ffl*J<t:c;5fcHii*ffi©S:^f© u>Xffi36S|^ffi [0065] ii^ 1 2 ©^?ST». 9 {cisir^r 

-C*^|^ScSi/>X-C*or. -e©U>Xffi«. ^2© miiBSait^^ffi^Tfe^^i^U— tf-7U'<«. 

'^5' K:^©J:5{CVCSEL7U-/ l©|%Wb/cl^- iSffil%36*3H*U— !f3!P6l6*$tl4U— !fiag(C*H£ 

(DMmmw 1 2 (cie^xtJS^r ^ c t *ir * ^jan mi] ^mno^^T" ■< ^^m.Gm^^x 

if^fXtcsrSi/Mbr^c i*i-c*5. ^»-rft«. s (b) kv y ^w-s^3>^>x*^>^w^•-^^iaJ^ 

itftJiS^H^^^ftU— tf-S^^*s*7l£j!S-C^c< . >X©Jt^©3t©3itfUt1IS 

etlC^BJ ^ (C* ^g^S5:Wr SfflF^K^it© [03] *^{C*jW ^ 8 8 3«J©V CSEL7U-Y© 

.^o!£jiASi2g3n/c-«©ffi3feiSi-C*f). cntCcfclv *4M@ 

y Fxv-i?3>u>X©ji*{C»ffijffliR||^^-r [04] VCS EL7l'-f©Mg51£^H 
^Wfihhi^. C©||2©>lt!^U>XiLr©vy K 30 [05] 3>ir^ f-^^-^ KT^SC^fe^-ty-^^' K©3fcffiMi 

i v-y 3 > u>x©0ffi?tffijRM*ffliET.5 c i^jpf ym^^im 

Wi.m(S^Wh\ylyXifim'ihkiX\.^i>XLt1Ph. -e© [06] 01{C^l//c>l*^b>X©flM^SS'(t-r^^ 

li«©,#Ji2S©«*S5MiRMSC?«(i?i|ftiD{M& UJclB ^*Si?«-r4Jb©0 

-A*s=iy^-h$nr)^tJu>x«:Ai*3n^, 9- -yy F-fv-i;3>u>x 

[0 063] 1 0 ©^BJ-r m>!m 9 {C4it,>-C 12 -^felB^Jif* 



[0064] 1 1 ©^B^Tii. il^^9 {cfct^T 
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